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e The productivity of biological resources in coastal Louisiana is at risk because of Gulf shoreline changes. Most estu-
~ e e arine species depend on Gulf shores and barrier islands for nesting, food, or shelter and will be directly affected by
S habitat loss. Others have complex indirect relationships with the shoreline ecosystem. Forecasting the degree of impact
on all animals that are indirectly affected by shoreline change cannot be done with any degree of certainty. However,
it is possible to evaluate and attempt to quantify the effects of changes in environmental factors that drive the
distribution and abundance of commercial, keystone, and endangered species. Our objective was to provide an overview
of habitat associations and environmental concerns for these significant animal species. For example, many important
commercial species in Louisiana—such as blue crabs, Gulf menhaden, and various shrimp species—move among
coastal habitats to complete parts of their life cycles. If the movement of these animals from the Gulf through tidal
passes into estuarine nursery habitats is altered by shoreline changes, then populations of these species will be put
at risk. Likewise, populations of keystone species, such as the common Rangia clam and the American oyster, will be
affected if shoreline loss leads to changes in salinity conditions. Finally, most of Louisiana’s threatened and endan-
gered coastal species—such as sea turtles, brown pelicans, piping plovers, and Gulf sturgeon—rely on vulnerable
barrier island habitats. Information on estuarine invertebrates, fishes, and other coastal animals is provided so that
restoration of essential habitats can be incorporated into coastal management activities.

ADDITIONAL INDEX WORDS: Shoreline changes, habitat loss, habitat alteration, estuarine ecosystems, commercial
species, keystone species, endangered species, coastal management.

INTRODUCTION imals that rely on having access to a variety of estuarine
habitats to complete their life cycles are referred to as being
“estuarine dependent” (THOMPSON and FrrzHuGH, 1985).
Without the diversity of habitats, ecotones, and environmen-
tal gradients that is created and protected by the physical
presence of barrier islands and intact shorelines, the consid-
erable productivity associated with these important estua-
rine-dependent communities would be greatly diminished.
The tolerance of life history stages to salinity differences
along the freshwater to marine gradient also controls animal
distribution and abundance. The mobile nekton community
rapidly shifts its geographic position along the estuarine gra-
dient. However, sessile organisms cannot move and local pop-
ulations decline with long-term salinity changes, but mobile
larvae will slowly colonize areas of appropriate salinity. Two
keystone animals that are included in this category are the
Rangia clam (Rangia cuneata) and the American oyster
(Crassostrea virginica). Both species act as “biofilters” in
their estuarine habitats, provide valuable hard substrate for
other organisms, and serve as prey items for numerous pred-
ators (VAUGHN and HAKENKAMP, 2001; ZIMMERMAN et al.,
1989). For these species, salinity is a strong predictor of
04-0323 received and accepted in revision 28 July 2004. where they will occur and thrive within the estuary. Because
*Corresponding author. E-mail: moconnell@uno.edu Rangia clams and American oysters require specific environ-

A principal characteristic of Louisiana’s estuarine animal
communities is their high productivity (CHESNEY, BALTZ,
and THOMAS, 2000; DARDEAU et al, 1992). Nutrient input
from the Mississippi River and other coastal rivers acts in
combination with shallow-sloped aquatic habitats and a long
growing season to provide conditions that maximize growth
and reproductive output for most estuarine animals (BALTZ,
THOMAS, and CHESNEY, 2003; CHESNEY, BaLTZ, and THOM-
AS, 2000; DARDEAU et al, 1992). Productivity is also en-
hanced because of ecotones that exist in areas of interface
among the inland freshwater systems, estuarine systems,
and offshore marine systems of coastal Louisiana. Estuarine
animals have evolved life histories that allow them to exploit
these ecological transition zones that form along gradients of
environmental variables. For example, most commercially
important species such as blue crabs (Callinectes sapidus), -
Gulf menhaden (Brevoortia patronus), and various penaeid
shrimp require many different habitats as they develop from
egg to adult, utilizing multiple ecotones throughout their life
cycles to exploit resources found in different ecosystems. An-
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mental conditions, their populations would be threatened
should existing salinity conditions change significantly be-
cause of shoreline changes or loss of barrier islands. For ex-
ample, changes in the Barataria Basin resulted in increased
salinity intrusion and eutrophication that, in turn, led to a
reduction of optimal nursery habitats available for oysters
(DARDEAU et al., 1992). If local conditions are not conducive
to the survival of these keystone species and they decline,
then many other estuarine organisms that depend on them
will also decrease.

Another group of coastal animals that is threatened by
coastal shoreline changes includes those species that rely on
barrier island habitats to complete their life cycles. Beyond
their role as protectors of complex and productive aquatic
habitats, barrier islands provide their own unique habitats
for animals in the form of long reaches of high-energy sand
beaches, dunes, marshes, and beds of submersed aquatic veg-
etation (SAV) located in shallow nearshore habitats (WIL-
LIAMS, PENLAND, and SALLENGER, 1992). The fact that these
islands are not connected to mainland shoreline also means
that predation pressure is far reduced in these habitats. An-
imals that use barrier islands include most of the federally
threatened and endangered species found in coastal Louisi-
ana including the brown pelican (Pelecanus occidentalis), the
piping plover (Charadrius melodus), the Gulf sturgeon (Aci-
penser oxyrinchus desotoi), and six species of sea turtles.
These species cannot easily find similar island conditions in
other regions of Louisiana’s mainland shoreline. Should bar-
rier islands disappear because of erosion and a lack of sedi-
ment replenishment from rivers, the rare animals that use
these habitats would also disappear from coastal Louisiana.

This paper will provide a review of some important Loui-
siana coastal animals and their habitat associations. Our
purpose is to show how barrier island loss and rapid shoreline
changes pose a risk to many of these species because the hab-
itat conditions under which they thrive will be altered. First,
we will focus on the many commercially important inverte-
brates and fishes that are estuarine dependent and rely on
moving through natural connections among various coastal
habitats to complete their life cycles. Then we will discuss
keystone species that require specific salinity conditions to
survive and provide a stable ecological base for other animals
in the local community. Finally, we will examine those fed-
erally threatened and endangered species that use barrier
islands to complete their life cycles and face extermination
should these habitats disappear. We will show that increased
shoreline change not only jeopardizes the infrastructure of
coastal Louisiana (i.e, cities, roads, and so on) but also
threatens to significantly alter the many biological resources
associated with coastal ecosystems.

COMMERCIAL SPECIES AND ESTUARINE
DEPENDENCE

Many coastal aquatic animals use estuaries as nursery
habitats, although it is difficult to directly quantify the re-
lationship between local environmental conditions and the
success of a species (ABLE and Fanay, 1998). Historically,
these species have been termed “estuarine dependent” be-

cause they appear obligated to use estuarine habitats to com-
plete their life cycles (GILLANDERS et al, 2003; Hoss and
THAYER, 1993; THOMPsON and FITzHUGH, 1985). By using
estuaries during their early life stages, estuarine-dependent
species may increase survivorship because these habitats of-
fer more protection from predation and damaging wave ac-
tion (ABLE and FaHAaY, 1998; MINELLO, 1993; MINELLO and
ZIMMERMAN, 1983). Another benefit of estuarine use is ac-
cess to increased food sources (TURNER and Brobpy, 1983;
ZIMMERMAN et al, 2000). This need for a protected nursery
habitat with high local productivity is especially crucial for
key commercial species. For example, a study that analyzed
21 years of coastal Louisiana fishery data revealed that 9 of
the 10 most abundant fishery species collected by trawls (in-
cluding invertebrates and fishes) were estuarine dependent
(CHESNEY, BALTZ, and THOMAS, 2000). Without access to es-
tuaries during their early life stages, populations of commer-
cial and recreational species such as brown shrimp (Farfan-
tepenaeus aztecus), white shrimp (Litopenaeus setiferus), blue
crab (C. sapidus), Gulf menhaden (B. patronus), Atlantic
croaker (Micropogonias undulatus), and spotted seatrout (Cy-
noscion nebulosus) will likely decline over time. Shoreline
change threatens these important species by altering existing
routes of inshore movement for juvenile animals. One illus-
tration of this problem is the possibility of increased coastal
erosion leading to the loss of barrier islands. Without the
physical presence of barrier island passes, landward currents
would not be focused or increased ip defined, restricted re-
gions (i.e, inlets), resulting in an overall reduction in tidal
prism (HEAaLY, CoLE, and DE LANGE, 1996). This, in turn,
would decrease the chances that drifting larval fishes, crabs,
and shrimp would reach essential inshore habitats. There-
fore, we will examine the habitat associations and life histo-
ries of key commercial species on a species-by-species basis
to show how shoreline change may impact each. Although our
analyses will be restricted to a few common commercial spe-
cies, it can be assumed that these estuarine-dependent ani-
mals serve as accurate surrogates for the management of all
aquatic species that use estuarine habitats in coastal Loui-
siana.

We will first focus on the habitat associations of three com-
mercially important invertebrates (brown shrimp, white
shrimp, and blue crabs). It is also necessary to recognize that
many other demersal and nektonic invertebrates would be
affected by shoreline change (Table 1). For example, other
species such as pink shrimp (Farfante duorarum) and stone
crabs (Menippe adina) are also harvested commercially,
though in higher-salinity areas and their catch is relatively
small compared to these other species. Other noncommercial
estuarine invertebrates in Louisiana include animals in over
20 diverse animal phyla (GosNER, 1971). Major groups in-
clude sponges, hydroids, jellyfish, ctenophores, flatworms,
nemertines,  roundworms, polychaetes, mollusks (snails,
clams, squid), crustaceans (shrimp, crabs, amphipods, cope-
pods), echinoderms (brittle stars, starfish, sea cucumbers),
and chordates (sea quirts, lancelets). While most of these spe-
cies are small (<1 ecm) with soft bodies, because of their abun-
dance they have significant effects on estuarine processes
through their diverse feeding adaptations and consumption
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Table 1. Selected commercially and recreationally important species found in coastal Louisiana (LA) that are estuarine dependent. Estuarine-dependen;
species are those animals that use estuarine habitats during at least one stage of their life cycle.

Group
Common Name
(Scientific Name)

Commercial Significance

Description of Estuarine Dependence

Invertebrates
Brown shrimp! (Farfantepenaeus
aztecus)
White shrimp? (Litopenaeus
setiferus)
Blue crab! (Callinectes sapidus)

Pink shrimp (Farfante
duorarum)
Vertebrates

Gulf menhaden! (Brevoortia
patronus)

Atlantic croaker! (Micropogonias
undulatus)

Spotted seatrout! (Cynoscion
nebulosus)

Spot (Leiostomus xanthurus)

Red drum (Sciaenops ocellatus)
Striped mullet (Mugil cephalus)

Sand seatrout (Cynoscion

Most productive shrimp fishery species in Gulf of
Mexico; LA leads Gulf states??

Second most productive shrimp fishery species in
Gulf of Mexico; LA leads Gulf states®?

Most productive commercial crab species in US; LA
leads US in landings (31% of US total)®

Third most prouctive shrimp fishery species in Gulf
of Mexico; LA leads Gulf states?

Most productive finfish fishery in US (all menhaden
species); LA leads Gulf states*

Only US finfish in top 10 most abundant species
both commercially and recreationally®

Most popular recreational food fish in LA®

Fourth most numerous finfish collected in long-term
fishery-independent sampling?

Species has widespread recreational and culinary
interest within LA

Small Louisiana commercial fishery; important prey
species

Valuable recreational fishery species

Postlarvae and juveniles require inshore nursery
habitats, preferably with vegetation

Postlarvae and juveniles require inshore nursery
habitats, preferably with vegetation

Juveniles require inshore nursery habitats; adults
spawn in estuaries

Postlarvae require inshore nursery habitats, prefer-
ably with vegetation

Larvae and juveniles use inshore nursery habitats

Larvae and juveniles use inshore nursery habitats

Larvae and juveniles use inshore nursery habitats;
adults spawn in deep passes

Larvae and juveniles use inshore nursery habitats

Juveniles and adults use shallow barrier island hab-
itats

Juveniles use inshore nursery habitats

Juveniles use inshore nursery habitats

arenarius)
Black drum (Pogonias cromis)
throughout Gulf of Mexico
Sheepshead (Archosargus
probatocephalus)
Southern flounder (Paralichthys

lethostigma) throughout Gulf of Mexico

Valuable commercial and recreational species
Valuable recreational fishery species

Valuable commercial and recreational species

Juveniles use inshore nursery habitats (though tol-
erant to wide salinity range)
Adults feed in bays and ’estuaries

Juveniles use estuaries, brackish water, and fresh-
water creeks

! Species described in text.

2 NMFS (1999).

3 NMFS (2003).

4 VANDERKOOY AND SmiITH (2002).
5 NMF'S (2002).

¢ BALTZ et al. (2003).

7 CHESNEY et al. (2000).

of algae, wetland detritus, and other organic material (Day,
Hail, and Yanez-AranciBia, 1989). High populations,
maintained by rapid growth and reproduction, provide abun-
dant food for fish and wildlife. Feeding and burrowing activ-
ities, plus the production of skeletons, mucus, feces, and
pseudofeces, help modify local sediments, sediment deposi-
tion, and erosion rates. These small species are generally of
little concern to environmental managers, but their connec-
tions and roles in the estuarine ecosystem make them as vul-
nerable to the impacts of shoreline change as other, more
recognized animals.

Brown shrimp support the largest shrimp fishery in the

Gulf of Mexico (CHESNEY, BALTZ, and THOMAS, 2000; ZIM- _

MERMAN, MINELLO, and Rozas, 2000). Its habitat associa-
tions reveal how shoreline change poses as a potential threat
to fisheries. As with other estuarine-dependent species, the
brown shrimp life cycle begins offshore. Hatching occurs in
deep (up to 100 m depth) marine habitats in spring and early
summer with fertilized eggs becoming free-swimming larvae
(TurNER and Bropy, 1983). While growing and undergoing

several molts, these larvae rely on timed use of inshore cur-
rents to transport them to estuarine nursery habitats (Figure
1) McTiGUE and ZIMMERMAN, 1991; TURNER and BRroDY,
1983).

Once inshore, brown shrimp postlarvae are more commonly
associated with vegetated habitats (either emergent marshes
or beds of SAV) than nonvegetated areas (ZIMMERMAN, MI-
NELLO, and Rozas, 2000). The benefits of this habitat asso-
ciation are twofold in that these vegetated habitats offer both
increased resources for growth and protection from potential
predators (TURNER and BroDY 1983; ZIMMERMAN, MINEL-~
Lo, and Rozas, 2000). During the summer, postlarval and
juvenile brown shrimp feed omnivorously on prey items in-
cluding benthic infauna (e.g., annelid worms, peracarid crus-
taceans), epiphytic algae, marsh detritus, and various plant
and animal materials (McTIGUE and ZIMMERMAN, 1991;
ZIMMERMAN, MINELLO, and Rozas, 2000). Although gener-
alist feeders, juvenile brown shrimp appear to rely most
heavily on having access to infaunal worms to support their
growth (McTIGUE and ZIMMERMAN 1991). After reaching a
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juvenile
white
shrimp

aduit white shrimp

juvenile”
spotted
seatrout

larval
transport by
currents

barrier islands

s

adult spotted seatrout

adult white shrimp and adult spotted seatrout
spawn in offshore habitats

Figure 1. Many commercially important species including white shrimp and spotted seatrout are estuarine dependent, relying on timed use of inshore
currents to transport their larvae to inshore estuarine nursery habitats. Shoreline change threatens the continued existence of these essential movement
corridors. (Figure modified from the following: CHRISTMAS et al., 1982; USFWS, 1984a; white shrimp drawings by Jeanne J. Hartley; USFWS, 1984b,
adult spotted seatrout drawing by Pat Lynch; and juvenile spotted seatrout drawing by Bernd Ueberschir, redrawn from JoHNsON, 1978, and available

at http://www.larvalbase.org.)

length of 70 to 90 mm (total length), juvenile brown shrimp
tend to leave these shallow water habitats for deeper areas,
and by the size of 90 to 110 mm they begin moving back to
offshore Gulf habitats to spawn the following year (TURNER
and Bropvy, 1983).

Two elements of the brown shrimp’s life cycle and habitat
associations illustrate how this important species could be
affected by shoreline change: its reliance on currents for
movement and its preference for vegetated inshore habitats.

., First, for such a small animal as the brown shrimp to travel

many kilometers between offshore and inshore habitats over
its lifetime, it must be reliant on drifting with currents for
rapid transport. In light of this current dependence, consider
the potential effects of current disruption on brown shrimp
movement between offshore and inshore habitats as shoreline
change transforms marshland and barrier island passes into
shallow, open-water habitats (CHESNEY, BALTZ, and THOM-
AS, 2000). Passive transport across a shallow lagoon of ho-
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mogeneous depths will be far less effective than using the
currents that occur in inlets. These areas between land mas-
ses constrict flow, increase local current velocity, and can
help animal movement either inshore or offshore (depending
on wind direct and tides). As land loss increases, the numbers
of these natural “chutes” decreases, limiting advection op-
tions for estuarine-dependent animals such as brown shrimp.

Second, even if brown shrimp larvae are successfully trans-
ported inshore from offshore breeding grounds, if there is no
vegetated shallow habitat available (either emergent marsh
or SAV), their survivorship is threatened (BROWDER et al.,
1989; McTIGUE and ZIMMERMAN, 1991). Shoreline change
has caused extensive loss of emergent marsh habitat
throughout coastal Louisiana, and associated impacts (such
as increased turbidity and current velocities) have contrib-
uted to declines in SAV throughout the state. As more of
these habitats are lost, fewer juvenile brown shrimp in Lou-
isiana will have access to adequate nursery habitat.

White shrimp are second only to brown shrimp in regard
to crustacean fishery productivity in coastal Louisiana
(CHESNEY, BALTZ, and THOMAS, 2000; ZIMMERMAN, MINEL-
L0, and Rozas, 2000). Like brown shrimp, white shrimp are
estuarine dependent, using offshore habitats for spawning
and inshore estuarine habitats for nurseries (TURNER and
Brobny, 1983; ZIMMERMAN, MINELLO, and Rozas, 2000). Be-
cause the life cycles and habitat associations of both species
are somewhat similar, shoreline change threatens white
shrimp populations for the same reasons it threatens brown
shrimp populations. There are, however, some subtle differ-
ences in the biologies of these two species that may have led
to white shrimp responding differently over time to shoreline
changes than brown shrimp. In the northern Gulf of Mexico,
white shrimp are considered to be more of an inshore species
than the brown shrimp (MunNcy, 1984; TURNER and BrobDyY,
1983). For example, juvenile white shrimp occur further in-
shore in nursery habitats than do juvenile brown shrimp
(TurNER and Brobpy, 1983), and Louisiana white shrimp
commercial landings are higher at inshore localities than off-
shore (MuUNCY, 1984). White shrimp also move into estuaries
later in the year than brown shrimp (entering western Gulf
nursery habitats as late as May or June) (McTiGUE and Z1M-
MERMAN, 1991) and appear less dependent on infaunal sourc-
es of animal prey items (KNEIB and KNowLTON, 1995; Z1M-
MERMAN, MINELLO, and Rozas, 2000).

These differences between the two species of shrimp are
interesting in regard to shoreline change in that it has been
suggested that a general increase in salinity over time has
caused white shrimp populations along the northern Gulf to
decrease relative to brown shrimp populations (CHRISTMAS
and ETzoLD, 1977). Where once white shrimp dominated
Gulf shrimp fisheries (until the 1950s), now brown shrimp
yield the largest landings (ZIMMERMAN, MINELLO, and Ro-,
ZAS, 2000). The implication is that the loss of coastal wet-
lands has allowed higher-salinity water to reach further in-
land than it has in the past. As inshore habitats become more
saline, juvenile white shrimp will lose habitats that occur
within their preferred salinity range of 1 to 10 ppt (MuUNCY,
1984), while the amount of juvenile brown shrimp preferred
salinity range of 10 to 20 ppt (TURNER and BrRoDY, 1983) will

increase. Loss of inshore white shrimp habitat may be furthe,
accelerated because saltwater intrusion itself can kill marg)
vegetation, leading to even more land loss and additional jn.
creases in salinity (DAY et al, 2000). By understanding the
differences in habitat preferences between these two impoy.
tant fishery species and then monitoring relative changes ip
their populations (or even landings) over time, we can show
how shoreline change in Louisiana is having an impact o
coastal biological resources.

The last invertebrate species we will discuss is the blye
crab, a widespread animal that supports the largest crab figh-
ery in the United States in both landings and value (FisHzg,
1999). As with brown and white shrimp, blue crabs are es-
tuarine dependent, but their life cycle and movements
through estuarine habitats are somewhat more complex than
those of the shrimp. Mating in blue crabs occurs in estuaries
while the female is in the soft-shell state (GUILLORY, PERRY,
and VANDERKoOOY, 2001; PErRrY and MclLwaiN, 1986). Fe-
males move to higher-salinity waters (>20 ppt) where eggs
attached to their abdomen hatch into zoeal stages(GUILLORY,
PerrY, and VANDERKOOY, 2001). Development into the me-
galope occurs in coastal waters and recruitment into estuar-
ies occurs in this stage. Megalope develop into juvenile crabs
in estuaries. Juvenile blue crabs can tolerate a broad range
of salinity but are most abundant at low and intermediate
salinities and prefer soft sediments (PERRY and McILwAIN,
1986). Adults are also euryhaline but show sexual differences
in salinity zonation. Males are commo6n in low salinity and
mature females in higher salinity of lower estuaries and
coastal waters. This complicated life cycle means that blue
crabs of different sexes and age classes can occur throughout
all coastal salinity zones. JAWORSKI (1972) outlined five blue
crab movement patterns that describe the life cycle and stag-
es in Louisiana estuaries:

(1) in spring, large juveniles and males move from the lower
estuary to the upper estuary;

(2) in late spring, small juveniles are recruited to the upper
estuary;

(8) in summer, spawned females return from offshore habi-
tats into the lower estuary;

(4) in autumn, gravid females move from the estuary off-
shore to spawn; and

(5) in winter, large juveniles and males move from the upper
estuary to the lower estuary.

Along with being more general in their salinity tolerance
than brown and white shrimp, blue crabs also have a more
protracted spawning season. For example, most females
spawn at least twice: once in spring and once in autumn
(GuiLLORY, PERRY, and VANDERKOOY, 2001), and it is pos-
sible during mild winters that spawning may occur year-
round (DAUGHERTY, 1952). As with the shrimp species,
though, blue crabs also exploit vegetated estuarine habitats,
offering reduced predation threat and increasing food re-
sources (THOMAS, ZIMMERMAN, and MINELLO, 1990; ZIM-
MERMAN, MINELLO, and Rozas, 2000).

For blue crabs (and many other migrating animals) move-
ment among many habitats throughout their life cycle is a
way to reduce negative impacts from parasites. The less time
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Table 2. Ecological significance, habitats, and salinity condit!

salinity conditions by shoreline change could negatively affect any of these sedentary species.

jons for selected keystone and other bivalve species found in coastal Louisiana. Alteration of

Common Name
(Scientific Name)

Ecological Significance

Habitats and Salinity Conditions

American oyster! (Crassostrea vir-
ginica)

Creates reefs used by other organisms; filter feeds;
prey item for numerous fishes
Prey item for numerous fishes and waterfowl; filter

Optimal adult salinity range is 10-20 ppt?

Optimal adult salinity range is 0-10 ppt; rapid sa-

Rangia clam! (Rangia cuneata)
feeds in oligohaline habitats

Hard clam (Mercenaria campe-
chiensis)

Dwarf surf clam (Mulinia lateral-
is)

Hooked mussel (Ischadium recur-
vum) ducks and other waterfowl

Bay scallop (Argopectin irradians)

substrate

predators

Filter feeds in estuarine habitats; provides hard
Important food item for fish and wildlife
Important food item for fish and wildlife, especially

Important food item for aquatic and terrestrial

linity change triggers spawning®
Optimal adult salinity range is 20—26 ppt®*

Habitats include bays and lagoons; wide salinity
range®

Habitats include low-salinity bays; needs hard sub-
strate®

Optimal adult salinity range is 16-35 ppt®

1 Species described in text.

2 CAKE (1983).

3 PATILLO ef al. (1997).

+ HoPKINS et al. (1973); HoLLEY AND ForTz (1987).
5 ANDREWS (1977).

an animal spends in one area or habitat, the less chance a
potential parasite has to infest and harm the animal. Over
100 parasites, diseases, symbionts, and other animals have
been reported to use blue crabs as hosts (GUILLORY, PERRY,
and VaNDERKOOY, 2001). In estuarine ecosystems, one sim-
ple method to escape these numerous parasites is to move
into areas with salinities that are beyond the tolerance range
of the infesting organism. For example, the parasitic dinofla-
gellate Hematodimium perezi occurs in the hemolymph of
blue crabs but only in habitats with salinity greater than 11
ppt. The fact that male (occurring mostly in lower salinity
habitats) and female blue crabs (occurring mostly in higher
salinity habitats) commonly exhibit a gender bias in regard
to parasite loads (i.e, one sex has significantly more parasites
than the other) is further evidence of this phenomenon (GAN-
NoN, WHEATLY, and EVERSON, 2001). As shoreline change
turns formerly heterogeneous coastal habitats into homoge-
neous open water habitats and alters historic routes of blue
crab movement, it can be expected that negative impacts of
parasite infestations will increase. Degraded estuaries have
several characteristics that have been shown to facilitate out-
breaks of harmful parasites including physical confinement
of crab populations that restricts immigration/emigration (as
could happen if aquatic connectivity among habitats is elim-
inated) and reduced water exchange from open water to in-
shore backwaters (SHIELDS, 2001). It has also been shown
that conditions in impacted habitats can cause increased
stress on local organisms (e.g,, hypoxia, anoxia) making them
more susceptible to secondary infestations (SHIELDS, 2001).
Therefore, retaining a viable fishery of blue crabs in coastal

Louisiana is greatly dependent on preserving habitats along '

a considerable salinity gradient whereby seasonal move-
ments will allow the animals to avoid potentially harmful
parasites.

As with these invertebrate species, most of coastal Louisi-
ana’s important fishes are also estuarine dependent and, by
definition, require a variety of specific habitat conditions to
complete their life cycles (CHESNEY, BALTZ, and THOMAS,

2000; TuompsoN and FiTzHUGH, 1985). A loss of the geo-
graphic complexity under which these species evolved would
threaten the existence of important feeding, spawning, and
nursery habitats. Such anthropogenic habitat degradation
and homogenization has resulted in significant decreases in
fishery productivity in other estuaries throughout the world
(MATERN, MOYLE, and PIERCE, 2002; ETERSON et al., 2000;
THAYER, THOMAS, and KOsKi, 1996; WASTE, 1996). Although
many coastal fishes are estuarine dependent (Table 1), we
will focus on the life cycles of three of Louisiana’s most im-
portant estuarine fish species—the Gulf menhaden (Brevoor-
tia patronus), the spotted seatrout (Cynoscion nebulosus), and
the Atlantic croaker (Micropogonias undulatus)—such that
their reliance on coastal habitats is clarified. As with brown
shrimp, white shrimp, and blue crab, the vital ecological el-
ement for all these species is the ability to migrate among
different habitats either as larvae (e.g, larval transport), ju-
veniles, or adults. An equally important aspect is that these
different habitats need to provide different environmental
conditions because the requirements of a larval fish are rare-
ly comparable with those of an adult. For example, higher
turbidity is likely to help larval and juvenile fishes (e.g., de-
creases predation threat), while similar conditions would be
detrimental to adult fishes trying to visually locate prey
items (BaLTZ, THOMAS, and CHESNEY, 2003). Without gra-
dients of key environmental variables such as turbidity, sa-
linity, and temperature, all estuarine habitats would be sim-
ilar, and at least one phase of the life cycle of an estuarine-
dependent fish species would not experience optimal condi-
tions. As we discuss the life cycles of these three key fish
species, we will emphasize these two elements, migration
success and habitat differences along gradients, to link Lou-
isiana gulf shoreline geographic complexity to fishery pro-
ductivity.

The Gulf menhaden plays a unique role in that it not only
dominates the total state landings in Louisiana fisheries but
also is ecologically important, serving as a prey item for many
predacious fish species throughout its life (CHESNEY, BALTZ,
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and THOMAS, 2000; HOESE and MOORE, 1998; VANDERKOOY
and SmrTH, 2002). Menhaden fisheries are some of the Unit-
ed States’ most valuable, with these fishes being used mainly
for oil, fish meal, and fish solubles, though a smaller bait
fishery also exists in Louisiana (Ross et al, 2001;
VanNDERKOOY and SMiTH, 2002). Louisiana leads the nation
in regard to this fishery, with state menhaden landings rep-
resenting 62% of all US menhaden landings and 11.6% of the
total US catch of fish and shellfish in 1998 (VANDERKOOY
and SMiTH, 2002). The state also dominates the northern

Gulf coast in regard to the industry of processing menhaden )

products, with four of the five regional plants being located
in the coastal Louisiana cities of Empire, Morgan City, Ab-
beville, and Cameron (VANDERKOOY and SMiITH, 2002). Like
other important Louisiana fish species, Gulf menhaden are
estuarine dependent, spawning in winter (November through
February) in nearshore marine habitats where salinities are
greater than 25 ppt, usually ranging between 30 and 36 ppt
(CHRISTMAS et al., 1982; SHaw, CowaN, and TiLMAN, 1985).
After spawning, buoyant Gulf menhaden eggs usually hatch
with 48 hours (HETTLER, 1984), and the larvae move inshore
where they spend the early part of their lives in habitats that
are significantly different from spawning sites. Therefore,
larval migration success and the availability of different es-
tuarine habitats are essential to the Gulf menhaden’s life cy-
cle. Without exposure to the high current velocities associ-
ated with barrier island passes, Gulf menhaden eggs and lar-
vae would never reach those inshore habitats where maxi-
mum survival depends on acquiring adequate food sources
and minimizing predation (VANDERKOOY and SMITH, 2002).
The environmental conditions found in these habitats that
confer these benefits (e.g., reduced depth, increased vegeta-
tion, and increased water color for avoiding predation) do not
exist sympatrically in other habitats of the estuary (CHRIST-
MAS et al., 1982; MINELLO and WEBB, 1997). This dependence
on reaching and then exploiting the resources and conditions
of a specific estuarine habitat suggests that physical alter-
ations to estuarine geography (e.g., shoreline change) that ei-
ther remove or modify such habitats would negatively impact
estuarine-dependent animals such as Gulf menhaden (Hoss
and THAYER, 1993). The risk of jeopardizing the ecological
processes of such an economically and ecologically important
fish species through shoreline change and the rapid loss of
barrier islands warrants at least minimal management at-
tempts to maintain “normal” rates of geological change along
the Louisiana Gulf shoreline.

Of all the important estuarine-dependent fish species in
Louisiana, the spotted seatrout is by far the most popular
food fish, supporting a thriving recreational fishery, and is
the basis for a “way of life” for many angling residents
(BAaLTZ, THOMAS, and CHESNEY, 2003). This highly piscivo-
rous member of the family Sciaenidae (drums) is also ecolog-
ically significant in coastal Louisiana waters because it acts
as one of the top predators, feeding on both shrimp and small
fishes (BALTZ, THOMAS, and CHESNEY, 2003; BLANCHET et
al, 2001). Like the Gulf menhaden, spotted seatrout are high-
ly reliant on achieving migration success and exploiting dif-
ferent habitat types throughout their life cycle (Figure 1). Se-
lection of specific spawning habitat is particularly vital for

spotted seatrout because areas of increased current velocitieg
and depths appear to benefit reproduction (RUTHERFORy

ScuMIDT, and TiLMANT, 1989). These two conditions apparj
ently maximize egg dispersal (high current velocity) and de.
crease predation threat during spawning activity (increageq
depth). Although spawning can occur in the open waters out.
side of estuarine habitats, these spawning requirementg
mean that most spotted seatrout spawn in deep channels ang
passes such as those inlets found between barrier islands
(BaLTZ, THOMAS, and CHESNEY, 2003). Because these typeg
of habitats are already limited in Louisiana’s shallow estua-
rine habitats (BaLTz, THOMAS, and CHESNEY, 2003), the neg-
ative effect of barrier island alteration or loss on spotted sea-
trout reproduction would be significant. Without the physical
presence of an island, landward currents would not be fo-
cused and increased in defined, restricted regions (i.e, inlets),
resulting in an overall reduction in tidal prism (Heavry,
CoLE, and DE LANGE, 1996) that would decrease the chances
that drifting larval spotted seatrout would reach essential
inshore habitats. This need for adequate larval dispersal also
emphasizes the importance of where barrier islands occur rel-
ative to main shoreline: if the eggs are spawned too close or
too far from these essential habitats, the timing of their de-
velopment into larvae may be seriously affected. Even if lar-
val spotted seatrout arrive at the main shoreline on time, a
coast that has changed from being shallow and containing
complex structural cover (i.e, emergent 'vegetation) to being
a high-energy, featureless ecotone between land and water
(as would happen with the loss of pr({tective barrier islands)
would not provide adequate environmental conditions
(BaLTz, THOMAS, and CHESNEY, 1993; RAKOCINSKI, BALTZ,
and FLEEGER, 1992). The continued ecological success of this
species in Louisiana is highly dependent on some degree of
geological continuity of the Gulf shoreline’s barrier islands
and inshore marshes.

Another important estuarine-dependent member of the
drum family is the Atlantic croaker. Unlike the spotted sea-
trout, the Atlantic croaker is much more of a generalist in
regard to its use of spawning and nursery habitats. It spawns
not only in tidal passes but also in the mouths of estuaries
and even deep continental shelf habitats (ABLE and FAHAY,
1998; D1az and ONUF, 1985). Even at the recruitment stage,
the Atlantic croaker is a habitat generalist, using both veg-
etated and unvegetated nursery habitats (PETRIK et al,
1999). Having less specific habitat requirements than the
Gulf menhaden and the spotted seatrout should make the
Atlantic croaker less vulnerable to threats from shoreline
change, but the sizable contribution that Atlantic croaker
make to Louisiana fisheries demands that the connection be-
tween their estuarine-dependent life cycle and potential
shoreline change be examined. This numerous species is eco-
nomically important to coastal Louisiana because it is har-
vested commercially for canned pet food and widely used as
live bait (NMFS, 1999). For example, the Atlantic croaker
was the second most numerous finfish collected in long-term
fishery-independent sampling surveys in coastal Louisiana
(CHESNEY, BaLTZ, and THOMAS, 2000). The breadth of im-
portance of the Atlantic croaker is revealed in that in the
fisheries of the United States, it is the only fish species that
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Figure 2. Keystone species such as the American oyster and the Rangia clam are sedentary as adults and occur in specific salinity zones. Shoreline
change threatens to alter the salinity gradient, changing salinity conditions in these animals’ habitats. (Figure modified from the following: CHRISTMAS
et al, 1982; USFWS, 1985a; Rangia clam drawing by Jeanne J. Hartley; and USFWS, 1984c¢; American oyster drawing by Pat Lynch.)

occurs in the top 10 most abundant fish species caught for
both commercial and recreational harvests in 2001 (NMFS,
2002). Such a numerous species is not likely to become extinct
as a result of shoreline change, but retaining high population
sizes in the face of changing habitat conditions could become
a problem. For example, it has been shown that juvenile At-
lantic croaker grow significantly faster in lower salinities (i.e.
5 ppt) versus higher salinities up to 20 ppt (PETERSON et al.,
1999). As with the white shrimp, if shoreline changes lead to
higher salinities for inshore nursery habitats in Louisiana, it
can be expected that this will negatively affect the growth
and populations of Atlantic croakers. With this and other es-
tuarine-dependent species, the main threat that wetlands
loss poses is a reduction of habitat options. Although fishery
productivity for many of these commercially important spe-
cies has yet to be affected by shoreline change (CHESNEY,
BavLTz, and THoMAS, 2000; ZIMMERMAN, MINELLO, and Ro-
zAS, 2000), as wetlands and the edge habitat they provide
disappear, less juvenile animals will survive to contribute to
coastal populations. Maintaining the greatest amount of es-
tuarine habitat possible is the most effective method for
maintaining viable fishery populations.

KEYSTONE SPECIES AND SALINITY CONDITIONS

While estuarine-dependent species rely on their mobility to
exploit various habitats during their life cycles, other coastal
animals are sedentary during their adult stages and depend
solely on the resources that occur in their local habitats. In
coastal Louisiana, the most common of these benthic animals
include the American oyster (Crassostrea virginica), the Ran-
gia clam (Rangia cuneata), the hard clam (Mercenaria cam-
pechiensis), the dwarf surf clam (Mulinia lateralis), and the
hooked mussel (Uschadium recurvum). These and other ben-
thic animals (mostly bivalve mollusks) are distributed in dif-
ferent zones along a coastal salinity gradient ranging from
fresh to full-strength seawater (Table 2). In their local com-
munities these benthic species provide multiple ecological
services to other ecosystem members. Their filter feeding in-
creases local water quality and produces valuable by-prod-
ucts such as pseudofeces. Many benthic organisms are prey
items for important estuarine animals such as blue crabs and
black drum (Pogonias cromis). Finally, their shells provide
habitats and valuable hard surfaces for other organisms to
exploit in a coastal ecosystem dominated by sand and mud
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substrates. To demonstrate the value of benthic organisms to
Louisiana, we will examine the biology and habitat associa-
tions of two keystone species: the American oyster and the
Rangia clam. Both animals are considered keystone species
in their respective salinity zones because their presence and
numerical dominance determines the overall functioning of
the local community. Without viable populations of American
oysters and Rangia clams, many coastal Louisiana aquatic
habitats would lose significant amounts of biodiversity and
biomass.

Beyond its ecological value, the American oyster is also a
vastly important commercial species for Louisiana and the
entire nation. In the United States, oysters are considered a
luxury food item, and the oyster industry provides thousands
of fishery and processing jobs (MACKENZIE, 1996; STANLEY
and SELLERS, 1986). Because oysters occur in estuaries, their
nearness to coastal human populations has made them a use-
ful food item for over 10,000 years (GooDYEAR and WARREN,
1972). Unfortunately, this closeness to coastal development
also makes oysters more vulnerable to human-induced habi-
tat alteration (STANLEY and SELLERS, 1986). For example,
artificial changes in local salinity conditions can be extremely
detrimental to oyster populations. Under natural conditions,
salinity and the presence of a hard surface to settle on de-
termines the distribution of oysters. They can survive salin-
ities of 5 to 40 ppt, but their optimum salinity range is about
10 to 20 ppt (Figure 2) (CAkE, 1983). This means that al-
though oysters occur throughout coastal Louisiana, they are
absent in limnetic and oligohaline salinity zones. Oyster dis-
tribution into low-salinity waters is limited by physiological
tolerance, whereas their abundance in high-salinity waters is
affected by competition, predators, and disease. For instance,
the oyster drill (Stramonita hemastoma) is an important oys-
ter predator but does not tolerate salinity below 15 ppt.
Therefore, occasional decreases in salinity below 15 ppt are
beneficial because they control drills, other predators, and
disease. If salinity conditions are within this suitable range,
the next requirement for the survival of dispersing larval oys-
ters is the presence of a firm substratum on which to attach.
Usually this hard surface is a preexisting oyster reef consist-
ing of living adult oysters and the shells of previous oysters
(DARDEAU et al.,, 1992). The need for a firm substratum is so
important that if no hard substratum is present, oyster man-
agers and workers will place cultch (i.e, old shells and other
hard substances) on soft bottoms to help culture oysters in
local habitats. Therefore, the continued success of this valu-
able fishery species in Louisiana is highly linked to the main-
tenance of a specific salinity range and the presence of hard
substrates.

Based on these habitat constraints, it is important to con-
sider how oysters will respond if shoreline modification in
Louisiana leads to altered salinity zones in estuaries. This
issue has already generated extensive debate and litigation
involving the effect of river diversion projects on the oyster
fishery. River diversion projects lower the salinity at estab-
lished oyster reefs, displacing the historic fishery to habitats
further offshore. Significant shoreline change could displace
oysters in the opposite direction if the loss of protective wet-
lands leads to further saltwater incursion. The problem is

that oyster reefs cannot become established and serve as the
preferred hard substrate for future larval oysters without the
local salinity range remaining relatively stable over g lon,
period (STANLEY and SELLERS, 1986; TURNER et al, 1994),
As coastal salinity increases with wetlands loss, the optima]
salinity range for oysters (10~20 ppt) will occur further in-
land over time. If the optimal salinity range occurs only i
an area where hard substrates are not available (e.g,, partg
of the estuary where historic oyster reefs do not exist), then
dispersing larval oysters will be limited by a lack of suitab]e
habitat. It is further possible that these new inshore areag
will lack adequate food resources (i.e, algae, bacteria) and the
water currents to deliver these resources to the filtering oys-
ters. Such a salinity-based response would be consistent with
what has been shown in other estuaries where the position
of particular salinity zones has a direct relationship with the
success of local estuarine organisms (JASSBY et al,, 1995; Pa-
TILLO, RozaAs, and ZIMMERMAN, 1995).

The Rangia clam is another keystone estuarine species of
Louisiana whose distribution is strongly dependent on local
salinities. This ecologically (and once economically) impor-
tant species dominates oligohaline estuaries, being replaced
by other bivalves (such as oysters) at higher salinities
(MOORE, 1992). It occurs in mud and sand bottoms, has an
optimal adult salinity range of 0 to 10ppt (Figure 2), and is
absent at salinities above 25 ppt (HOPKINS et al, 1973). Sa-
linity also plays a role in the spawning of Rangia clams.
Spawning is triggered by an increase or decrease in salinity,
and fertilized eggs develop into planktonic larval stages that
are dispersed by currents (LASALLE and DE LA Cruz, 1985).
Once these stages settle into a habitat and transform into
adults they will move very little from that location (LASALLE
and DE LA CRuUz, 1985). Because Rangia clams can attain
high densities (up to 128 individuals/m?) in oligohaline es-
tuaries (MOORE, 1992), they serve many important roles in
the aquatic community. Along with providing a hard sub-
strate under conditions where American oysters cannot sur-
vive, by feeding on detritus and algae Rangia clams are the
main link between primary and secondary consumers (La-
SALLE and DE LA CRUZ, 1985). They are an abundant diet
component of key oligohaline fish species such as spot (Leios-
tomus xanthurus), black drum (Pogonias cromis), blue catfish
(Ictalurus furcatus), and freshwater drum (Aplodinotus grun-
niens) (DARNELL, 1961). The ecological connections between
Rangia clams and other members of the oligohaline commu-
nity mean that salinity changes that affect Rangia clam pop-
ulations will also influence populations of those organisms
that depend on them, either as prey items or as hard surfac-
es.

In some oligohaline estuaries where salinity has been ar-
tificially altered, the negative impact on Rangia clams has
already been demonstrated (ABADIE and POIRRIER, 2000;
HARRREL, 1993; PATILLO, ROZAS, and ZIMMERMAN, 1995). A
typical example involves Rangia clam populations in Louisi-
ana’s Lake Pontchartrain, the largest oligohaline estuary in
the southeastern United States (MOORE, 1992). This estuary
has been subject to numerous anthropogenic impacts over the
past half century, including urban and agricultural runoff,
shell dredging, overfishing, artificial saltwater and freshwa-
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Table 3. Federally threatened and endangered species found in coastal Louisiana (LA) that are dependent on or use barrier island habitats.

Common Name

Dependence on Barrier Islands

(Scientific Name) Federal Status
Gulf sturgeon! (Acipenser oxyrinchus de- Threatened
sotoi)
Brown pelican! (Pelecanus occidentalis) Endangered
piping plover! (Charadrius melodus) Threatened
Hawksbill sea turtle! (Eretomchelys im- Endangered
bricata)
Kemp's ridley sea turtle! (Lepidochelys Endangered
kempt)
Leatherback sea turtle! (Dermochelys cor- Endangered
iacea)
Green sea turtle! (Chelonia mydas) Threatened
Loggerhead sea turtle! (Caretta caretta) Threatened
Bald eagle (Haliaeetus leucocephalus) Threatened
West Indian manatee (Trichechus mana- Endangered

tus)

Feeds in shallow water habitats associated with barrier is-
lands, particularly passes

Uses barrier islands for nesting and nearby aquatic habi-
tats for feeding

Uses barrier islands as wintering habitats because of re-
duced predation pressure

Needs warm, shallow aquatic habitats for feeding

Needs warm, shallow aquatic habitats for feeding
Needs warm, shallow aquatic habitats for feeding

Needs warm, shallow aquatic habitats for feeding

Nests on barrier islands; needs warm, shallow aquatic hab-
itats for feeding

Not dependent on barrier islands but will use terrestrial
habitats on islands for nesting

Not dependent on barrier islands but will use warm, shal-
low aquatic habitats for feeding

1 Species described in text.

ter inputs, shoreline alteration, and industrial discharges
(FraNcis and POIRRIER, 1999; MOORE, 1992; PENLAND ef al.,
2002). Of these problems, the widespread and long-term
(from the 1930s to the 1990s) dredging of Rangia clams for
use as road and driveway building material was arguably the
most detrimental to the estuary. For example, from the 1950s
to 2000, demersal fish assemblages changed markedly in
Lake Pontchartrain. Benthic fish species such as Atlantic
croaker and spot that rely heavily on the presence of Rangia
clams have become less dominant in trawl samples over time
(O'CONNELL, CASHNER, and SCHIEBLE, 2004). After shell
dredging ceased in 1990, though, densities of large Rangia
clams have increased in the estuary, suggesting that popu-
lations are recovering (ABADIE and POIRRIER, 2000). Unfor-
tunately, this recovery has been curtailed in the southeastern
region of Lake Pontchartrain, where high-salinity bottom wa-
ter has entered the estuary through an artificial connection
completed in 1963 (ABADIE and POIRRIER, 2000). This salt-
water intrusion produces salinity stratification and episodic
benthic hypoxia that can kill resident Rangia clams and other
benthic organisms (ABADIE and POIRRIER, 2000). For full re-
covery of Rangia clams throughout Lake Pontchartrain, the
artificially elevated salinities found in the southeastern re-
gion need to be reduced to levels more consistent with a nat-
ural oligohaline estuary (fresh —5 ppt).

This “real world” example of how altered salinity can have
profound effects on an estuary demonstrates that shoreline
change resulting in salinity shifts could be highly ecologically
detrimental to coastal Louisiana. Although both Rangia
clams and American oysters are keystone species that sup-
port the entire estuarine community in their particular zones
of salinities, the sedentary nature of both species during
adult stages makes them particularly susceptible to sudden
artificial changes in salinity. If wetlands continue to be lost
and the length of the salinity gradient from freshwater to
saltwater keeps shortening, then there will be fewer habitat

options for these two keystone species. A loss or significant
reduction in either species will have severe consequences for
all estuarine species.

P

SPECIES AT RISK AND BARRIER ISLANDS

Beyond these keystone and commercially important species
that dominate the biomass of Louisiana’s estuaries, there are
also other less numerous species that occur along the coast
that are directly threatened by shoreline change. For these
rare species, the loss of barrier islands is the primary prob-
lem because these islands provide protected, isolated habitats
that cannot be found elsewhere along the coast. The link be-
tween species at risk and barrier islands is reflected in the
fact that of the 10 federally threatened and endangered spe-
cies that occur in coastal Louisiana, eight have direct ties to
barrier island habitats (Table 3). These eight species are the
Gulf sturgeon (Acipenser oxyrinchus desotoi), the brown peli-
can (Pelecanus occidentalis), the piping plover {(Charadrius
melodus), and five species of sea turtles: the hawksbill (Ere-
tomchelys imbricata), the Kemp’s ridley (Lepidochelys kempt),
the leatherback (Dermochelys coriacea), the green (Chelonia
mydas), and the loggerhead (Caretta caretta). The remaining
two rare species, the bald eagle (Haliaeetus leucocephalus)
and the West Indian manatee (Trichechus manatus), may
also use habitats associated with barrier islands but are not
strictly dependent on them. If barrier islands are lost because
of anthropogenic alteration or lack of sufficient sand input
over the next century, these are the eight species that will be
most negatively affected because they rely on barrier islands
for nesting, breeding, and feeding. For these species it is the
unique physical isolation provided by islands that draws
them to preferentially use these habitats, either because of
the reduced predation pressure offered by islands or because
of their distance from human-altered regions located on the
main shoreline. We will review how these eight rare species
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are associated with barrier island habitats and discuss how
shoreline change threatens their continued existence in
coastal Louisiana.

The federally threatened Gulf sturgeon is a large (top es-
timated weights of 272 kg), rare fish species found only in
the Gulf of Mexico, including areas of coastal Louisiana. Be-
cause it is anadromous, it uses coastal rivers as spawning
habitats, then moves to estuarine habitats around barrier is-
lands to forage (HEISE et al, 2004). Recent evidence shows
that these barrier island habitats are particularly important
to the Gulf sturgeon because it feeds exclusively on food items
found along the sand substrate at barrier island passes (GU
et al., 2001; Ross et al, 2001). The unconsolidated, fine- to
medium-grain sands found in these habitats support known
prey items for the Gulf sturgeon such as lancelets, small crus-
taceans, and amphipods (KELLY and LEE, 2002; Ross et al.,
2001). According to recent telemetry data collected from es-
tuarine habitats in Louisiana and Mississippi, foraging adult
Gulf sturgeon overwinter in the area between barrier islands
and the main shoreline, with no evidence of offshore feeding
migrations to marine habitats in the Guif of Mexico (KELLY
and LEE, 2002; RoGILLIO, personal communication; Ross et
al., 2001). These shallow and productive habitats created and
protected by barrier islands are essential for the Gulf stur-
geon to complete its life cycle. Any further negative impacts
or degradation caused by shoreline change could bring this
species closer to extinction because of its already significantly
reduced population numbers and the extensive degradation
of its freshwater spawning habitats (Ross et al, 2001). If the
Gulf sturgeon is to remain a part of Louisiana’s fish com-
munity, then barrier islands need to be maintained.

The federally endangered brown pelican has already suf-
fered extirpation from Louisiana (albeit temporary) and is
perhaps the most important species in regard to representing
the need for coastal preservation. The original Louisiana pop-
ulations of brown pelicans were extirpated in the 1960s be-
cause of ingestion of DDT compounds from prey fishes
(USFWS, 1995a). Since then, brown pelicans have been re-
introduced to the state from Florida, and recovering popula-
tions have established nesting colonies on North Island in St.
Bernard Parish, Queen Bess Island in Jefferson Parish, and
Isle Dernieres in Terrebonne Parish and along the Mississip-
pi River in Plaquemines Parish (LDWF, 1993). While the
threat of extinction or extirpation from chemical contamina-
tion has for the most part passed, recovering populations of
the Louisiana state bird face the loss of necessary marsh and
barrier islands habitats (HINGTGEN, MULHOLLAND, and
ZALE, 1985) because of widespread intensive coastal erosion.
For example, barrier island nesting sites provide brown pel-
icans (and other colonial nesting birds) with habitats that are
free of most if not all possible mammalian egg predators (Fig-

ure 3) (USFWS, 1995a, 1995b). If these habitats were to be.

lost, then the continued recovery of reintroduced brown pel-
ican populations in Louisiana would be put at risk. Also, loss
of barrier island and marsh habitats would negatively impact
populations of coastal fishes, the primary food source of
brown pelicans.

The major contributors to the decline of the federally
threatened piping plover are the loss and degradation of its

beach habitat due to anthropogenic impacts (USFWS, 1996).
In Louisiana, the piping plover winters on coastal beaChes,
with barrier islands representing the majority of critical ha},.
itats available in the state (CORBAT and BERGSTROM, 2000;
Haig, 1992; JACKSON and JACKSON, 2000; LOWERY, 1974,
NoL and BLANKEN, 1999; PAGE et al,, 1995; PAULSON, 1995,
As with the brown pelican, predation is a major factor lim-
iting piping plover reproductive success, especially in hahi.
tats that are not isolated from mainland mammals such ag
raccoons and dogs (USFWS, 1996). Therefore, disappearing
barrier islands represent areas where predation threat is re.
duced and may also provide another benefit to piping plovers:
people-free beaches. The presence of humans near piping plo-
ver habitats has been shown to significantly reduce foraging
success of the birds (BURGER, 1994). When humans are not
present, though, piping plovers can devote most of their time
(ca. 90%) to feeding (BURGER, 1994). This trend of piping plo-
vers avoiding people has been observed throughout its dis-
tribution (USFWS, 1996). For example, when beach sections
were closed to pedestrian recreation at Trustom Pond Na-
tional Wildlife Refuge in Rhode Island, within 2 years piping
plovers had colonized the area (USFWS, 1996). The implica-
tion is that for piping plovers (and likely many other bird
species in Louisiana), barrier islands provide habitat that is
not easily accessible by people, and this is beneficial to the
birds. Every barrier island lost to coastal erosion and shore-
line change reduces the possibility o}' piping plovers remain-
ing in the state. g

The sea turtles found in estuariné and marine waters rep-
resent the largest group of federally threatened and endan-
gered coastal animals in Louisiana. The hawksbill, Kemp’s
ridley, and leatherback sea turtles are listed as federally en-
dangered, while the green and loggerhead sea turtles are list-
ed as federally threatened (NMFS, 1999). All these species
are threatened by overharvesting, bycatch mortality from
other fisheries, and habitat destruction, but federal recovery
plans are in place to assist in managing the continued sur-
vival of these species (NMFS, 1991a, 1991b, 1992, 1993;
USFWS, 1993). In Louisiana, the only area where the five
sea turtle species occur is in coastal regions with barrier is-
lands providing the most habitats for feeding and nesting. In
general, sea turtles will exploit vegetated shallow habitats
for feeding when available and use beach habitats for nesting,
though differences in habitat needs exist among the species.
Most habitat use in Louisiana is associated with feeding with
only one of these species, the loggerhead sea turtle, using
beach habitat for nesting (Figure 3). The hawksbill sea turtle
is infrequently encountered in Louisiana because it appar-
ently does not nest in state waters but may feed in warm,
shallow marine and estuarine habitats on sponges and en-
crusted organisms (NMFS, 1993). Like the hawksbill sea tur-
tle, the Kemp’s ridley sea turtle does not nest in Louisiana,
but it is found more often than the hawksbill in state waters,
likely because of its preference for turbid, highly productive
nearshore habitats that provide key prey items like crabs,
gastropods, and clams (DOBIE, OGREN, and FITZPATRICK,
1961; USFWS, 1993). The productivity of Louisiana coastal
habitats explains why this area contains the major feeding
grounds for subadult and adult Kemp ridley turtles (HILDE-
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uses barrier islands for
nesting and feeding

loggerhead sea turtie

Figure 3. Federally threatened and endangered species including the loggerhead sea turtle (threatened) and the brown pelican (endangered) use barrier
island habitats for feeding and nesting. The isolation of these islands provides habitats with reduced predation pressure for these animals. (Figure
modified from the following: CHRISTMAS et al, 1982; USFWS, 1985b; brown pelican drawing by Pat Lynch; and NMFS/USFWS, 1991: loggerhead sea

turtle.)

BRAND, 1981). Leatherback sea turtles are the most pelagic
of the sea turtles and have not been reported to nest on Lou-
isiana (NMFS, 1992). Although they may rarely occur along
the entire Louisiana coastline, their feeding preference for
jellyfishes could attract them to shallow, barrier island hab-

itats. Similarly, the green sea turtle enters Louisiana estu- °

aries only to feed but may be more sensitive to estuarine
change because it feeds on submersed aquatic vegetation,
which rarely exists outside of shallow, clear water habitats
(NMFS, 1991a). The only species known to nest in Louisiana
is the loggerhead, with female turtles selecting high-energy
beaches on barrier strands adjacent to continental landmass-
es (NMFS, 1991b). The Chandeleur Islands contain the only

known nesting sites, and the factor most likely limiting the
species in Louisiana is loss or degradation of suitable nesting
beach habitat (OGrEN, 1977). The diet of loggerhead sea tur-
tles also suggests these animals benefit from feeding on mol-
lusks, crabs, shrimp, and other invertebrates common to the
state’s shoreline and barrier islands (NMFS, 1991b). Without
barrier islands and the productive estuarine habitats pro-
tected by these islands, sea turtles, the most threatened ma-
rine animals in Louisiana, would have little if any required
habitat within the state.

To grasp the importance of barrier islands to these rare
species, one needs only to consider what would happen if all
of Louisiana’s coastal islands disappeared: Gulf sturgeon
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would have no winter feeding grounds, brown pelicans and
piping plovers would be forced to use suboptimal nesting hab-
itat, and sea turtles would have to find shallow, vegetated
feeding habitats in other states. Although we have focused
our discussion on federally threatened and endangered ani-
mals, there are many other more common coastal animals
that would also be negatively impacted by barrier island loss,
including commercially important fishes (e.g., red drum). In
pursuing coastal restoration, managers need to recognize
that although barrier islands represent a small proportion of
the total available shoreline, the ecological conditions created
by their isolation from the mainland make them invaluable
to all estuarine animals.

CONCLUSIONS

It is clear from these descriptions of Louisiana coastal an-
imals and their habitat associations that many important bi-
ological resources depend on the estuarine ecosystem. Rapid
shoreline change is the largest threat to this ecosystem in
that loss of coastal land will lead to altered movement cor-
ridors for estuarine-dependent animals, changes in salinity
zones, and the disappearance of barrier island habitats. The
level of complexity in any estuary precludes simple predic-
tions of how species will respond to habitat alteration. In as-
sessing Louisiana’s coastal fisheries, CHESNEY, BALTZ, and
TroMAs (2000) described the difficulty in attributing any one
cause to estuarine fishery trends because so many ecological
changes have occurred simultaneously along with shoreline
change (e.g., increased fishing pressure, presences of invasive
species, and so on). Likewise, RosSE (2000) found that when
multiple stressors act on complex ecosystems, species may
respond in “nonintuitive” or unpredictable ways. For exam-
ple, if a species loses feeding habitat to shoreline change in
one part of the estuary, this impact may be countered by a
decrease in predation pressure in another area (i.e, the pred-
ator is affected more by habitat change than the prey). These
complicated relationships make shoreline change that much
more of a threat to ecosystem stability in that we cannot pre-
dict which action could cause the whole network to collapse.
In the least, the continued loss of land along the coast greatly
complicates any attempts to successfully manage the biolog-
ical resources of this productive area.

This inherent ecological complexity is also the reason why
many of the important species we have discussed cannot be
confined to just one of our three broad categories. Commer-
cially important fish species that are estuarine dependent
such as the Gulf menhaden and the Atlantic croaker can also
be considered keystone species in these estuaries because of
their tremendous numbers and the role they play as prey for
other fishes. If populations of either of these species signifi-
cantly increased or decreased because of changes in fishing
pressure, the effects would be evident throughout the food
web. The American oyster is also both a keystone species and
a commercially important resource. Humans and some fish
species such as black drum (SUTTER, WAILER, and Mc-
ILwaInN, 1986) directly compete to consume oysters, suggest-
ing that if one of these predators was removed, the other
would benefit. The unfortunate effects of a species being both

commercially important and an ecological keystone were
made clear when years of shell dredging for Rangia clams i
Lake Pontchartain contributed to the widespread degrada-
tion of this estuary (ABADIE and POIRRIER, 2000). Even the
federally threatened Gulf sturgeon can be regarded as some-
what estuarine dependent (i.e, using estuaries as movement,
corridors to freshwater spawning habitats) and has in the
past supported short-lived commercial fisheries in the Guif
of Mexico (Ross et al.,, 2001). The point is that these specieg
play multiple roles in creating the aquatic productivity of
Louisiana’s coast with each species experiencing pressure
from both natural and anthropogenic forces. Habitat loss and
alteration caused by shoreline change will only amplify un-
certainty in the continued existence of functioning estuaries.
Minimizing rapid land loss will give managers more flexibil-
ity to properly administer these complex systems; that is,
there will be one less confounding factor affecting the popu-
lations of these animals. /

Beyond the issue of shoreline change increasing the ecolog-
ical complexity and instability of estuaries, it should be clear
that coastal land loss more directly means habitat loss for
these important biological resources. The importance of or-
ganisms having habitat available is demonstrated in the fact
that habitat loss is the leading cause of species extinction
over the past century (PIMM and RAVEN, 2000). While it is
easy to recognize that without barrier islands many birds and
sea turtles will lose nesting and fpraging habitat, the less
obvious fact that loss of land also affects important aquatic
animals was illustrated in our distussion of species’ habitat
associations. It is not enough to say shrimp, crabs, and fishes
need water to survive. These animals need a variety of aquat-
ic habitats with different depths, current velocities, vegeta-
tion amounts, and salinities. An island or a point that blocks
wave energy and creates shallow water areas on its low-en-
ergy side also helps form a gradient of shallow to deep aquat-
ic habitats. This depth gradient, in turn, allows a wider va-
riety of aquatic organism to occupy this space, with smaller
organisms such as juvenile fishes and shrimp using the shal-
low water and larger animals such as sharks and red drum
using the deeper water. Loss of this island or point means
that the surrounding aquatic habitat becomes much more ho-
mogeneous and that the various microhabitats with their spe-
cific environmental conditions disappear. By protecting coast-
al wetlands from land loss, essential aquatic habitats such as
fish nursery grounds are also protected.

It is in this context that these animals and their habitats
must be considered in relation to coastal restoration activity
in Louisiana. Both the slowing or stopping land loss through
managed river diversions and the protection of eroding bar-
rier islands help the long-term prospects of biological resourc-
es in the state. As river sediments are reintroduced into es-
tuaries, more vegetation can become established, creating
more wetlands and therefore more protected aquatic habitat.
Slowing the rate of barrier island erosion through mainte-
nance efforts allows these structures to continue protecting
inshore structures and shallow aquatic habitats until natural
sand replenishment rates are established again. We recog-
nize that in such a geologically dynamic area as coastal Lou-
isiana, structures like barrier islands and marshes are not
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considered permanent features of the system under natural
conditions. All estuarine species have evolved to adjust to
slow changes in these habitats where barrier islands migrate
inshore over geologic time and marshes slowly change vege-
tative composition in response to changes in sea level. But
the current shoreline change represents an artificially rapid
rate of habitat alteration, and we cannot assume that all local
organisms possess the adaptive plasticity to continue to
thrive under these changing conditions. Therefore, efforts
such as river diversions and barrier island protection offer
the best protection for these animals and their habitats while
resource managers attempt to reverse the trend of land loss.
Any successes in slowing the rate of 1and loss will help these
species remain as functioning parts of the coastal ecosystem
until more natural processes can, it is hoped, be restored
sometime in the future.
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